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Abstract

Heat intensity and warmed-over-flavor were evaluated to determine the physical
and chemical characteristics of a pre-cooked, chopped and formed chicken patties
would impart on the perception of red pepper heat and the development of oxidation.
Chicken patties were formulated at 3 fat levels-5, 7, and 9% with marinade formulated
at 3 pepper levels-0, 2, and 4%. A trained sensory panel evaluated the heat intensity
over 3 min using time intensity evaluation. During evaluation, panelists indicated the
intensity of warmed-over-flavor on a separate ballot. Sensory data were collected at 5
storage periods, over 9 weeks. Malonaldehyde content was also measured during the
5 storage periods by using TBA testing.
As the fat level increased, the heat intensity increased as measured by total
time intensity and maximum time intensity. Patties formulated at 9 and 7% fat were
perceived to be more intense in heat than the 5% fat formula. Red pepper
incorporated into the marinade of the chopped and formed patty at 2 and 4% was
evaluated to have less intense warmed-over-flavor than the 0% pepper level. Chemical
measurement of malonaldehyde content indicated that increasing pepper content
decreased the malonaldehyde content. Incorporation of pepper into a chopped and
formed meat product requires a higher pepper at lower fat levels in order to impart the
same level of heat intensity. Increasing the pepper content also will aid in the
decreased production of malonaldehyde in the pre-cooked meat product, thereby
reducing the intensity of warmed-over-flavor as perceived by the consumer.
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Chapter 1
INTRODUCTION

Product development is the driving force behind a food company's introduction
of new products to consumers. In the United States, food companies are directing new
products toward the changing demands of the consumer (Sloan 1998). -According to
Sloan (1998) approximately 60% of men's and 40% of women's workdays are equal to
or greater than 9 h. These busy lifestyles have caused consumers to seek convenient
foods that do not require extensive preparation time or more cooking at home (Ang and
Lyon 1990). The introduction of the microwave oven in the 1970's was viewed as a
"time saving" instrument for heating (Baldwin and others 1979). Microwave ovens
serve an important advantage over conventional ovens because a greater amount of
energy is applied for reheating, allowing an item to be heated in a shorter time frame
compared to conventional methods with no extra loss of flavor (Lyon and Ang 1990).
The ability of consumers to quickly heat food and the demand for fast,
convenient items have brought about the new trend of home meal replacements. Inhome food preparation is drastically declining, and the uses of ingredients and "scratch"
cooking are also on the decline (Sloan 1998). Processed and packaged products that
are either fresh, refrigerated, or frozen are increasing in popularity because they meet
the lifestyle of so many consumers (Sloan 1996, 1998). By 2005, 50-55% of all food
dollars will be spent on home meal placements or restaurant food (Sloan 1998).
The production of processed food products is increasing. Examples of this
increase in further processing can be seen in the meat industry where the demand for
convenience is leading to a greater desire for pre-cooked items (Sloan 1998).
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However, the acceptability of these items is deterred by flavor instability. Precooked
meat items that are either refrigerated or frozen and reheated before consumption can
develop an undesirable flavor described as "cardboard" or "rancid/painty" (Lyon and
Ang 1990). This off-flavor, commonly referred to as warmed-over-flavor (WOF), is of
great concern because it creates undesirable characteristics in meat products (Cross
and others 1987). WOF is of particular concern in poultry because the majority of
poultry products are further processed or fully cooked (Ang and Lyon 1990).
Due to the frequent consumption of meals eaten away from the home,
consumers are seeking products with equal flavor and sensory appeal as those
consumed in a restaurant (Sloan 1996). Many foods are assuming the identity of
"value-added" products through the addition of flavorings and sauces with functional
ingredients (Williams and Brown 1987). Flavors and spices incorporated in processed
food products are following an ethnic trend with the greatest emphasis placed on the
spice blends representative of Chinese, Italian, and Mexican cuisine (Uhl 1996). The
increase of ethnic flavored foods can largely be attributed to changes in United States
demographics, especially in the Mexican population, the fastest growing minority
segment (Hollingsworth 1999; Sloan 1998). The main characteristic of Mexican cuisine
is its hot and spicy flavor. Chile pepper use has increased over the past 10 years.
Chiles are used for flavor, aroma, heat, texture, color, and visual appeal to foods (Uhl
1996). Current researchers have shown that chiles have the potential to be used as a
natural antioxidant (Chang and Chen 1998; Larson 1988; Lee and others 1995). Heat
is being incorporated in a variety of products from mustard to peanuts (Sloan 1996).
The heat or pungency of chili peppers comes from capsaicinoids, the
predominant being capsaicin (N-vanillyl-8-methyl-6-nonenamide) (Bosland 1992).
2

There are almost 7000 varieties of chile peppers ranging in heat intensity from 10,000
to 100,000 Scoville units, the standard units to estimate heat intensity of peppE;!rs
(Farrell 1990; Underriner and Hume 1994). The amount of capsaicin present in a spice
blend will affect the heat intensity of the spice. However, a product's characteristics
can influence the intensity of the heat given by capsaicin (Carden and others 1999;
Baron and Penfield 1996). In addition, time and storage conditions affect the heat
intensity of capsaicin (Chang and Chen 1998). As more emphasis is placed on the
product development trend of focusing on ethnic cuisine flavors, more research should
be conducted to study the effects a product's characteristics have on flavor intensity.
Restructured meat products are generally formulated with spices to mask WOF.
Chicken is especially prone to developing WOF (Byrne and others 1999). The
incorporation of spices into a processed poultry item not only adds to the sensory
appeal of the product, but will also help to mask off flavors produced when reheated
(Sloan 1996; Melton 1999).
The current research was conducted to evaluate the heat intensity of capsaicin
in pre-cooked chopped and formed chicken patties. Also, the effects of capsaicin as a
natural antioxidant was studied by evaluating warmed-over-flavor in the patties.
Therefore , the objectives of the study were as follows:
1. Determine the heat intensity detected by trained sensory panelists in precooked, chopped and formed chicken patties formulated at 3 different fat
levels containing three different concentrations of red pepper.
2. Determine the warmed-over-flavor detected by trained sensory panelists in
pre-cooked, chopped and formed chicken patties formulated at 3 different
fat levels containing 3 different concentrations of red pepper.
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3. Determine the effects of freezer storage on red pepper heat intensity and
warmed-over-flavor.

4

Chapter 2
REVIEW OF LITERATURE

The research study conducted on the evaluation of heat intensity and warmedover-flavor involves the incorporation of a variety of chemical and physical attributes
and examination of their application to the study. Topics covered in this literature
review include warmed-over-flavor: chemistry, contributors, measurement techniques,
sensory evaluation, and use of antioxidants. The influence of fat level on flavor, and
pepper evaluation techniques will also be discussed.

Warmed-Over-Flavor

Autoxidation of foods is an important issue because the oxidative processes
affect lipids, pigments, proteins, carbohydrates, and vitamins, therefore impacting the
overall quality of a food (Kanner 1994). Autoxidation of meat products is an important
issue to the meat industry because of the increase in further processed products.
These procedures can disrupt cell structure and expose a larger surface area to
oxygen. These processing steps oxidize triacylglycerols and phospholipids creating
negative off-flavor volatiles commonly referred to as warmed-over-flavor (WOF), a
..

results of lipid oxidation (Nawar 1985). Consumers have accepted precooked meat
products due to easy preparation (Nolan and others 1989). However, WOF is a major
problem that slows or prevents new precooked meat products from entering the market
place. The ability of consumers to detect a warmed-over-flavor in products reduces
acceptance of these products by consumers (Cross and others 1987).
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Chemistry of Oxidation
Lipid oxidation is a chemical reaction that involves the deterioration of lipids by
exposure to molecular oxygen, also referred to as autoxidation (Nawar 1985).
Unsaturated fatty acid esters react with molecular oxygen forming peroxides,
hydroperoxides, and carbonyl compounds (Dorko 1994). Animal fats contain a variety
of components that contribute to the juiciness and tenderness of meat products, but the
same components contribute to the development of undesirable odors and flavors.
Triacylglycerols and phospholipids are two components that have a tendency to rapidly
oxidize (Cross and others 1987).
The oxidation process involves three steps: initiation, propagation, and
termination (Nawar 1985). During initiation lipid molecules interact with oxygen. The
energy for the reaction is supplied by a catalyst (Hamilton 1994). The initiation.step
may be catalyzed by hydroperoxide decomposition, metal ions or metalloproteins, light
exposure, or incorporation of singlet oxygen molecules (Nawar 1985; Cross and others
1987).
The oxidation continues to propagation where the hydrogen atoms are
abstracted and replaced by oxygen to produce peroxy radicals. Peroxy radicals react
with hydrogen from alpha-methylenic groups to produce hydroperoxides and free
radicals. The production of new free radicals causes the reaction sequence to be
repeated (Nawar 1985). The reactions can be stopped by termination reactions, in
which two free radicals bond together to produce products which cannot participate in
the propagating reactions (Hamilton 1994).
Hydroperoxides produced during autoxidation begin to decompose immediately
after being formed . Cleavage of the hydroperoxides produces aldehydes and
6

hydrocarbons. Unsaturated aldehydes can be further reduced to short chain
hydrocarbons, aldehydes, and dialdehydes that contribute to the formation of
warmed-over-flavor (Nawar 1985). Seven major volatile compounds were isolated in
quantities greater than 1% by gas chromatography in cooked broiler breast meat, those
being pentanal, 1-pentanol, hexanal, heptanal, benzaldehyde, octanal, and nonanal
(Ang and Young 1989; Brewer and Vega 1995). An important short-chain aldehyde
also formed during this reaction is malonaldehyde. This product is highly reactive and
will bind to other food ingredients until it is released by an acid/heat treatment.
Malonaldehyde content has long been recognized as a measurement for the degree of
oxidation in a food product (Tarladgis and others 1960; Shahidi and Hong 1991).

Contributors to Oxidation
There are several factors which influence the rate and degree of oxidation in a
muscle food. The first factor is fatty acid composition . Phospholipids are the largest
contributor to the production of oxidative off-flavors (Kanner 1994). In chicken meat,
31 % of the fatty acids in phospholipids contain two or more double bonds, however,
only 1% of the triaclyglycerides contain three or more double bonds. In oxidized
chicken meat, 90% of the malonaldehyde was attributed to the phospholipid content in
both chicken leg and breast meat (Lillard 1987). Pikul and others (1984) determined
that chicken breast meat contained 62.6% phospholipids, while leg meat contained
36.6% phospholipids based on the total fat content in a 100-g sample of wet tissue.
Malonaldehyde concentration was higher in leg meat than breast meat, even though it
had a lower concentration of phospholipids (Pikul and others 1984). During an
evaluation of cooked breast and thigh meat stored at 2°C over a 5-day period, Ang and
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Lyon (1990) showed an increase in oxidation over the storage time with the thigh meat
having higher values. However, sensory evaluation revealed no difference between
the two tissues .
Another factor which influences the degree of oxidation of a muscle food is
further processing. The cost of whole muscle products is increasing, therefore creating
a demand for restructured meat items that can be uniform and portion controlled (Cross
and others 1987). During production of restructured meat products the particle size of
muscle tissue is reduced , thus allowing more anaerobic surface area to become
exposed to oxidation catalysts (Decker and Xu 1998). Even though restructuring whole
muscle into edible products is economically convenient, it also increases the rate of
oxidation and rancidity development (Cross and others 1987).
Heating is a step involved in many further processed products to manufacture
precooked items. "Heat disrupts the muscle cell structure, inactivates enzymes and
releases oxygen from oxymyoglobin" (Kanner 1994). The free iron content increases
during cooking as heme proteins are denatured creating active catalysts to initiate
oxidation (Kanner 1994). Lillard (1987) showed that oxidation was highest when red
meat was cooked at 70°C for 1 h. However, oxidation product content was decreased
as the temperature was increased to above 80°C. Conforti and Giuffrida (1995)
studied nonheme iron chicken breast meat and showed that as storage time increased
the iron content increased. In the drumstick, iron content fluctuated with storage time
possibly due to the higher content of iron already present in dark meat. Su and others
(1991) studied the effects of precooking methods on warmed-over-flavor. Broiler
breast patties were cooked in a water bath and convection oven to an internal
temperature of 83°C. After 3 days of storage at 3°C, values of malonaldehyde content
8

were higher in oven-cooked and stored patties than in water-cooked patties. The
nonheme iron content was significantly higher in the convection oven-heated patties
than the water-cooked patties, possibly due to the slower heating time causing a
greater quantity of non heme iron to be released (Su and others 1991 ).
Freezing muscle tissue slows the oxidation process because the lipid-free
radicals are more stable at lower temperatures (Kanner 1994). However, the oxidation

•

rate will increase at temperatures below the freezing point of water with a temperature
in the region of -10°C producing maximum oxidation levels because reactants become
more concentrated (Ranken 1994). Several studies have been conducted on the
effects of storage temperature on the development of rancidity. Storage of chicken
breast and leg meat at -18°C over a 6-month period yielded significantly more malonaldehyde equivalents with the increase of storage time. Malonaldehyde
increased 41 % in the breast meat from day 2 to 3 months, while the leg meat increased
52% (Pikul and others 1984).

Frozen, uncooked, all-beef ground patties and soy-

extended ground patties were stored at-7, -18, and -23°C for 6 months.
Malonaldehyde values in patties stored at -7°C were significantly higher than in those
stored at -23 and -18°C indicating that storage temperature may affect the quality of
ground meat products (Berry 1990). Storage life of raw meats stored at-18°C reported
by the International Institute of Refrigeration is as follows: beef, 8-12 mo; ground beef,
4-8 mo; ground pork, 3-4 mo; and moisture proof packaged chicken, 6-8 mo (Ranken
1994).
Packaging can be applied to reduce the rate of oxidation by reducing the
contact of meat product with oxygen (Decker and Xu 1998). Vacuum packaging and
modified atmosphere packaging have been utilized to reduce oxidative deterioration
9

(Ranken 1994). Precooked turkey meat patties were cooked to an internal temperature
of 80°C and vacuum packaged in a nylon-polyester bag for 7 days. Hot packaged
turkey patties had lower oxidation values than patties that were chilled for three hours
before packaging (Ahn and others 1993). In another study, chopped arid formed
chicken nuggets were packaged in vacuum barrier bags and non-vacuum barrier bags
and stored at -18°C for 40 days. The vacuum packaged nuggets reached a maximum
malonaldehyde value at 20 days and remained constant until 40 days was reached.
The non-vacuum packaged nuggets showed a steady increase in malonaldehyde
content over the 40-day storage period and higher values than vacuum packaged
nuggets (Barbut and others 1989). Modified atmospheric packaging using a
combination of carbon dioxide and nitrogen or oxygen can protect color and rancidity
problems which develop in meats (Ranken 1994). Precooked turkey and pork slices
were both vacuum-and modified-atmosphere-packaged and stored for 18 h at 4 °C, and
then for 3 months at-20°C (Nolan and others 1989). Vacuum packag~d meat samples
had lower oxidation values. Oxidation values in samples packaged with CO2 and N2
gas flushing were higher, but not significantly different from the vacuum-packaged
product.
Sodium chloride accelerates lipid oxidation (Decker and Xu 1998). Sodium
chloride is able to alter the distribution and iron reactivity which is a main pro-oxidant
catalyst in meat. The chloride is also able to form an iron complex that is a reactive
catalyst. Encapsulating salt or utilizing salt at lower quantities can reduce salt induced
oxidation (Decker and Xu 1998). Ang (1986) formulated bologna with and without a
2% salt solution using mechanically deboned chicken meat. Product was stored at 2°c
for 4 days and at -18°C for 180 days. During the 180 days of storage at-18°C, the
10

oxidation increased at a faster rate in the salted bologna, than in the unsalted,
therefore confirming that salt does act as a pro-oxidant even at low levels.

Oxidation Measurement
The most widely used test for measuring lipid oxidation is the 2-thiobarbituric
acid test referred to as TBA. The TBA test measures quantities of thiobarbituric
reactive substances (TSARS) and is expressed as mg malonaldehyde/kg of sample
(Nawar 1985). Malonaldehyde, a product of the decomposition of hydroperoxides,
reacts with TBA to produce a red colored complex with a maximum adsorption at 530532 nm. The TBA test is used to assess the degree of lipid oxidation, not quantitate
malonaldehyde content (Gray and Pearson 1987). Other compounds found in
processed meat products such as sucrose and wood smoke compounds can contribute
to the red color complex, therefore indicating that TBA is not a measure of total
oxidation (Nawar 1985). Tarladgis (1960) developed a standard method for
determining TBA values which utilizes an acid/heat treatment through distillation to
release the bound malonaldehyde (Shahidi and Hong 1991). Due to the length of time
required to perform the standard distillation method, researchers have experimented
..
.
with alternative methods for TBA testing. In one method, aqueous extraction uses
percholoric acid or trichloroacetic acid to extract the malonaldehyde. TBA values
obtained by aqueous extraction were compared with distillation numbers for cooked
poultry meat. Results showed that the correlation between the two sets of values was
highly significant and the distillation values were approximately 2.6 times greater than
the aqueous extraction TBA values (Salih and others 1987). Slaih and others (1987)
also showed no significant difference in extraction TBA numbers obtained for cooked
11

turkey incubated for 15-17 h or boiled for 30 min to develop the red color complex.
However, Pikul and others (1989) reported a significant difference between TBA
values obtained from meat samples boiled 1 h and meat samples incubated at room
temperature for 15 h. Another TBA test modification being tested involves the use of a
solid phase extraction cartridge (Sep-Pak C 18 ™). When compared with the distillation
method and the aqueous extraction method, the solid phase extraction method yielded
lower TBA numbers and had the same correlation with sensory evaluation scores as
the other methods (Raharjo and others 1993). However, it appears that the newer
methods are always compared with the distillation method for standardizing the test
and confirming values (Raharjo and others 1993; Pikul and others 1989_; Salih ~nd
others 1987).

Sensory Evaluation of Warmed-Over-Flavor
Researchers have attempted to correlate TBA numbers obtained from chemical
methods with sensory scores in which panelists evaluate undesirable flavor
characteristics (Gray and Pearson 1987). Two of the first studies involved pork.
Panelists detected off odors in ground pork with TBA values of 0.5-1 .0, showing a high
correlation between oxidation values and sensory scores for acceptability (Tarladgis
and others 1960). In another study, pork patties prepared with ground pork at a TBA
value of 0.46 was evaluated as "borderline quality," while patties prepared with ground
pork at a TBA value of 1.2 were evaluated as "unacceptable" (Turner and others 1954).
Sensory scores and TBA values in cooked chicken white meat and dark meat
are related ("r"

= 0.87, p<0.01) (Gray and Pearson 1987). Byrne and others (1999)

developed a series of eighteen descriptive terms and definitions to describe odor,
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flavor, taste, and aftertaste associated with warmed-over-flavor. Lyon (1988)
conducted a series of descriptive profiles for the evaluation of warmed-over-flavor in
chicken. Twelve terms were developed and utilized in studies: chickeny, meaty, brothy,
liver/organy, browned, burned, cardboard, warmed-over, rancid/painty, sweet, bitter,
and metallic. Sensory evaluation of cooked, frozen at-34°C, and reheated chicken
patties using these sensory terms revealed that even 0-day stored samples had a
decrease in chickeny, meaty, brothy, liver/organy, and sweet. At day 3 storage the
cardboard, warmed-over, rancid/painty, bitter, and metallic were easily recognized as
being different from the control (Lyon 1988).
Lyon (1993) also evaluated the effects of storage on sensory attributes of
cooked, stored (2°C), and reheated chicken white meat, dark meat, and skin. Tissues
were evaluated based on twelve terms to describe warmed-over-flavor determined in
an earlier study (Lyon 1988). Sensory scores for chickeny, meaty, brothy, and sweet
decreased over the 5 days while the intensity of browned, burned, cardboard, painty,
bitter, and metallic increased. Skin, evaluated only for odor, increased in chickeny,
brothy, browned, burned, cardboard and rancid/painty over the 5 days (Lyon 1993). In
a study by Ang and Lyon (1990) both TBA values and the sensory attributes cardboard,
rancid/painty, warmed-over, and overall off-flavor intensity increased over time.
However, data revealed no differences in sensory scores between the thigh and breast
meat after 1 day and TBA values after 2 days.
Lyon and Ang (1990) tested reheating methods of precooked chicken patties.
Patties were reheated using a conventional oven and a microwave oven and evaluated
for warmed-over-flavor by sensory analysis, GC headspace analysis, and TBA testing.
Measured values increased over storage time, but there was not a significant difference
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found between the two reheating methods.

Antioxidants
Oxidation in lipid containing foods can be controlled through the addition of
antioxidants (Dorko 1994). Even though there are other factors that influence
oxidation, antioxidants can extend product shelf-life without affecting the nutritional
content (Coppen 1994). During oxidation antioxidants may donate a hydrogen atom to
the free radical , reforming the molecule and stopping the oxidation reaction.
Antioxidants may also donate a hydrogen to a peroxide-free radical forming a
hydroperoxide and free radical that is an antioxidant. This free radical is stable,
therefore terminating the reaction (Giese 1996).
Antioxidants can be grouped into two large categories, endogenous and
exogeneous antioxidants. Endogenous antioxidants are naturally occurring in muscle
tissue. The endogenous content can be increased through diet, food additives, and
processing operations. Exogeneous antioxidants are added to products to extend shelf
life and insure product quality (Decker and Xu 1998). This group may also be referred
to as free radical terminators and consists of synthetic and natural substances,
recognized as antioxidants and added to food products to maintain quality (Giese
1996).
Four synthetic antioxidants have achieved widespread use and are approved for
use: butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), tertiarybutylhydroquinine (TBHQ), and propyl gallate (PG) (Dorko 1994). The Food and Drug
Administration and the United States Department of Agriculture regulate the addition of
synthetic antioxidants to 0.02% (200 ppm) of the total fat content of the food (Coppen
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1994). Cooked beef patties stored 2 days at 4°C containing 125 ppm PG had a
TSARS value of 1.52; increasing the PG content to 500 reduced the TSARS value to
0.74. TBHQ at 125 ppm had a TSARS value of 0.01 . Compared to the control with a
TSARS value of 4.51 , the free radical antioxidants significantly reduced the formation
of warmed-over-flavor in the beef patties (St. Angelo and others 1990). Swanson and
others (1994) researched the effects of a blend of SHA and TBHQ on the development
of oxidative rancidity in frozen, restructured reindeer steaks. The 1:1 antioxidant blend
protected steaks from oxidation. After 18 days of storage at -18°C, steaks containing
antioxidants had TBA values equal to untreated steaks at 2 weeks (Swanson and
others 1994). Reports of use of these antioxidants in chicken products are limited.
One study will be discussed in the next section (Lai and others 1991).

Natural Antioxidants
Obtaining a longer shelf-life for products while maintaining optimum quality is a
continuous concern for the meat industry. The use of synthetic antioxidants has
enabled processors to meet this challenge (Decker and Xu 1998). However,
government restrictions and health concerns are prompting food processors to seek
antioxidant materials from natural food sources (Williams and Brown 1987). A variety
of natural substances including vegetables, fruits, oilseeds, grains, spices and herbs
are being investigated. These substances are able to function as antioxidants because
of their molecular components . The phenolic compounds found in these materials,
flavonoids, phenolic acids, tocopherols, and phenolic terpenes, serve to inactivate
prooxidant metals, thereby reducing the rate of oxidation.
Alpha-tocopherol, a naturally occurring nutrient exhibiting antioxidant properties,
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has been successful in reducing oxidation in fats and oils, but has not been as effective
when applied to meat products (Rhee 1987). Extensive studies have been conducted
on the incorporation of rosemary oleoresin into processed meats to reduce oxidation.
One study evaluated the effects of oleoresin rosemary, tertiary butlyhydroquinone
(TBHQ), and sodium triployphosphate (STPP) on oxidative rancidity in restructured
chicken nuggets. Results showed that a combination of 0.3% STPP and 0.1 %
oleoresin rosemary and a combination of 0.3% STPP and 0.02% TBHQ produced
comparable TBA values (Lai and others 1991). Stoick and others (1991) evaluated the
same three components incorporated into a restructured beef steak. Steaks stored six
months at -20°C containing 0.3% STPP and 0.1% oleoresin rosemary had lower TBA
values than the treatment containing 0.3% STPP and 0.02% TBHQ (Stoick and others
1991).
Pepper is a spice that does contain various flavonoids, allowing it to possibly
serve as a natural antioxidant. Five phenolic amides were extracted from white pepper,
Piper nigrum. The five compounds were found to significantly reduce oxidation in
linoleic acid substrate and were comparable to the synthetic antioxidants SHA and BHT
(Nakatani and others 1986). Fresh pepper cultivars, Capsicum annuum, were
evaluated to determine the genus antioxidant activity. The major flavonoids quercetin
and luteolin were measured in five varieties of peppers (Lee and others 1995).
Quercetin may have the ability to stop singlet oxygen molecules from initiating the
oxidation reaction, while luteolin has been found to inhibit enzymes from producing
oxygen products through the conversion of polyunsaturated fatty acids (Larson 1988).
The antioxidant activity of luteolin, capsaicin, and quercetin were measured using a
beta-carotene bleaching system in which 0.5 mM of each substance was tested.
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Luteolin has the greatest antioxidant activity followed by capsaicin (Lee and others
1995). Chang and Chen (1998) incorporated red pepper into a chicken wing glaze at
1, 2, and 3%. The wings were stored at 4°C for up to 4 days. Hot wings containing 3%
pepper had significantly lower TBA values than the other two treatments, thus showing
that the incorporation of pepper into a processed meat product, may reduce the rate of
oxidation development.

Fat Level and Flavor

Western culture has long been recognized as exhibiting poor dietary eating
habits due to the large consumption of energy-dense foods high in fat and sugars
(Papadima and Bloukas 1999). In a review, Giese (1992) indicated that studies on fat
reduction reveal that decreasing one's fat intake can reduce the risk of heart disease by
10%. Therefore, with the consumer's increasing demand for low-fat products, product
developers have been forced to reduce the fat content in many food products while
attempting to maintain the same quality and taste . Reducing the fat content in foods
poses a significant problem, especially to the meat industry, because this nutrient
provides texture, mouthfeel, and juiciness to a product (Keeton 1994). However, more
importantly, fat serves as a carrier for flavor compounds that adds to the quality of the
product (Papadima and Bloukas 1999).
Berry (1993) formulated ground beef patties at 6 and 20% fat. Ten sensory
panelists evaluated the patties for beef flavor intensity using an eight point structured
scale. Results revealed the 20% fat level to have a significantly more intense flavor
than the 6% fat level (Berry 1993). In a study on ground beef patties formulated at 10
and 20% fat levels there was no difference in beef flavor intensity (Williams and others
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1994). Research has also been conducted on the flavor intensity in ground sausage
(Papadima and Bloukas 1999) . Greek sausage, a blend of seasoned pork meat and
fat was formulated at three fat levels; 10, 20, and 30%, and stored for 21 days. The
10% fat level was least preferred, while the 20% received the highest ratings.
Sausages had better odor and taste at 7 days than at 21 days indicating that storage
time did affect the attributes of the sausage.
Studies done on emulsion type meat products, such as hot dogs gave different
results than studies on ground meat products. Beef frankfurters prepared at 12, 20,
and 29% fat levels were evaluated by 12 trained sensory panelists using a multiple
comparison difference test in which the reference sample was a commercial beef
frankfurter with 29% fat. The 12% fat level frankfurters received the highest flavor
ratings possibly explained by its low moisture retention, therefore increasing the
perception of saltiness and spice flavor (Marquez and others 1989). Hughes and
others (1998) found similar results with frankfurters formulated at 5 and 12% fat.
Sensory evaluation revealed that the frankfurter at 5% fat was smokier, spicier, saltier,
and had an overall more intense flavor than the 12% fat frankfurter (Hughes and others
1998).
Flavor perception in other food products has been found to be affected by fat
level. Research was conducted on vanilla flavor intensity in ice cream at 0.5 and 10%
fat levels. Ice cream samples were evaluated using time intensity by ten trained
panelists. The maximum vanilla flavor intensity was recognized in less time in the 0.5%
fat sample because the lipid soluble flavor compounds were more loosely bound in the
lower fat sample. The time required to reach maximum vanilla flavor in the 10% sample
was longer possibly due to the melting fat forming a layer between the tongue and
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flavor compounds (Li and others 1997). This reaction was also observed by Carden
and others (1999) who concluded that increasing the fat level in cheese sauce reduced
the heat intensity of added capsaicin.

Capsicum and Heat Perception
Capsicum is the spice and fruit commonly referred to as peppers. This genus is
primarily composed of three families: Capsicum annuum, Capsicum frutescens L., and

Capsicum annuum var. (Govindarajan and Sathyanarayana 1991). Red pepper,
commonly referred to as cayenne pepper, is a member of the C. frutescens family.
This pepper is dark to bright red in color, ranges in size from a few millimeters to 15 cm ,
and contains up to 1% capsaicin . "The flavor is intensely pungent, biting hot, sharp,
and cumulative to the point of being overwhelming, with a long, lingering effect; deep in
the throat but not too perceptible in the front of the mouth" (Farrell 1990). This spice is
one of the fastest growing in the United States with 1994 imports totaling 59.2 million
pounds (Buzzanell and others 1995).
The heat or pungency characteristic found in peppers is a result of seven
alkaloids or capsaicinoids. Collectively they are referred to as capsaicin in reference to
the most prevalent alkaloid. Capsaicin, N-(4-hydroxy-3-methoxy benzyl)-alkyl amide, is
extremely hot and irritating to the taste buds at small quantities of one part per million
(Bosland 1992; Govindarajan and Sathyanarayana 1991). Capsaicinoids irritate the
nerve endings in both the nose and oral cavity creating the heat sensation. The
pungency intensity increases dramatically with small increases in capsaicinoid _
concentration, shifting the enjoyment response to uncomfortable pain (Govindarajan
and Sathyanarayana 1991).
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A pepper's heat level is reported in Scoville heat units based on the Scoville
Organoleptic Test (Bosland 1992). This sensory method of testing requires trained
tasters to evaluate and rate pepper pungency. However, Parrish (1996) has criticized
this test because it requires a large number of panelists and can yield inaccurate
results. Another sensory method for heat evaluation was developed by·Gillette and
others (1984). This test requires trained panelists to compare the heat of pepper
extract with various known concentrations of synthetic capsaicin . The results from this
method of heat evaluation were highly correlated with results obtained through high
pressure liquid chromatography measurement (Gillette and others 1984). Instrumental
methods of capsaicinoid measurement include liquid chromatography, which has been
adopted by the Association of Analytical Chemists International, and capillary gas
chromatography (Parrish 1996; Hawer and others 1994).
Chile peppers are rarely consumed alone. Therefore, research has been
conducted on the effect that other food ingredients and food systems have on the
perception of oral pungency. Lawless and others (1985) studied the effectiveness of
capsaicin to mask gustatory and olfactory sensations as well as interfere with flavor
identification. The oral irritation provided by a water solution containing 2 ppm
capsaicin reduced the intensity of basic taste solutions perceived by panelists.
Olfactory intensity ratings of citral (lemon) and celeriax (celery) also decreased when
blended with capsaicin and sampled. However, the addition of capsaicin to fruitflavored samples did not interfere with the correct identification of the samples by
panelists (Lawless and others 1985). Studies evaluating the oral irritation provided by
various spices including capsaicin showed that when using the time intensity evaluation
technique, the time-to-max was 1.5 to 3.0 times longer for capsaicin than for other
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spices (Cliff and Heymann 1993). Descriptive analysis of capsaicin served in a water
solution at 2 ppm with polysorbate 80 showed that the main sensation provided was
burning with slight tingling and numbing occurring on the back of the tongue. Capsaicin
also had a longer lag time than other spices in the experiment, and a shorter overall
duration (Cliff and Heymann 1992). Another study conducted with capsaicin blended
into water solutions evaluated the effects of sucrose, NaCl, citric acid, and xanthan
gum on oral irritation. Sucrose, incorporated at 0.04M, reduced both the burning
intensity and duration caused by capsaicin. Xanthan gum decreased the burning
intensity due to its higher viscosity (Nasrawi and Pangborn 1989).
Baron and Penfield (1996) studied the effects of sample temperature on heat
perception. Cheese sauces formulated at standard capsaicin concentrations were
served to panelists at 25° and 38°C. The formulation of 1.3 ppm capsaicin served at
38°C had a greater initial intensity than the other samples, therefore indicating that
serving temperature may influence the perception of heat intensity. Results from this
study are consistent with earlier research which indicated a linear relationship between
solution temperature and bum intensity of capsaicin water solutions (Green 1986).
Hutchinson and others (1990) showed that capsaicin oral irritation could be
significantly reduced by placing a food system, rice, butter, or pineapple juice, i_n the
mouth after creating a burn with a Tabasco™ sauce solution. Butter had the greater
effect on reducing bum since capsaicin is fat soluble. The physical and chemical
nature of food carriers can influence the perceived heat intensity of capsaicin. Sensory
evaluation was conducted on cheese sauces and starch pastes formulated with various
fat levels and capsaicin levels. It was concluded that as the fat level increased, the
heat intensity decreased. Both starch and cheese sauce formulas were judged to be
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more pungent than water samples containing the same capsaicin concentration (Baron
and Penfield 1996). Carden and others (1999) reported similar results when testing
capsaicin incorporated into cheese sauces at various fat levels with fat mimetics,
revealing that as the fat level decreased, the heat perception indicated by trained
panelists increased. This study further confirms that the interaction of a food system's
structure can influence the perceived heat intensity given by hot peppers.
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Chapter 3
MATERIALS AND METHODS

Experimental Design

The experimental design was a Randomized Block Design with multiple blocking
and repeated measures. The test samples consisted of 3 fat levels, 3 pepper levels,
and 5 storage periods. Samples were manufactured at the beginning of the test period
and evaluated by sensory panelists every other week for the next nine weeks.
Panelists received three randomized samples at each session, two sessions per day.
Replication 1 was conducted Monday morning and afternoon and Wednesday morning.
Replication 2 sessions were held Wednesday afternoon and Friday morning and
afternoon. A total of 45 treatments were included in the experiment (3 fat levels x 3
pepper levels x 5 storage periods).

Chicken Patty Preparation

Chopped and formed chicken patties were prepared in the Tyson Foods Inc.,
Research and Development pilot plant (Springdale, AR). Patties were formulated at
three target fat levels: 2, 5, and 8% (Table 1) (Bacon 1999). Each fat level was
formulated with 10% marinade consisting of 0, 2, or 4% cayenne pepper (Flavorite
Laboratories, Inc., Memphis, TN) resulting in levels of 0, 0.2, and 0.4% pepper in the
final product (Table 2).
Whole breast meat and leg meat were ground through a three-hole kidney plate
in a Hobart® Grinder (Model 4146, Hobart Co., Troy, OH). Chicken skin was double
ground through a 0.32-cm plate in Hobart grinder. Proper proportions of each material
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Table 1-Formulations for chopped and formed chicken patties

Whole breast
meat

Skin

Marinade

(%}

(%}

(%}

28

62

0

10

5

28

52

10

10

8

28

42

20

10

Fat

Leg meat

(%}

(%}

2

Table 2-Marinade formulations for cayenne pepper levels

Pepper

Water

Salt

(%}

Cayenne pepper(%}

0

92

8

0

2

90

8

2

(%}

(%}

8
88
4
4
a cayenne pepper determined to be 1499 Scoville Units or 100 ppm (Warren
Laboratories, Downers Grove, IL).
were weighed after grinding. The ground meat block and marinade were placed in a
Blentech® vacuum marinator (Model VT-01009, Blentech Corp., Rohnert Park, CA) and
blended for 15-min with 25-cm of vacuum at 12 rpm . After the 15-min blend, the
vacuum was released and the ground skin added to the batch. The mixture was
blended an additional 5 min before chilling with CO2 until a meat temperature of

O to -3 °C was obtained. The 5%-fat formula without skin was blended 15 min under
vacuum and an additional 5 min before chilling. Each formula was transferred to an F-6
Formax® (Mokena, IL) and formed into 66-g square patties with the mold plate
dimensions 8.17 x 8.69 x 0.95 cm. Patties were cooked in an environment controlled
oven (Model MPO-2012, Heat and Control, Inc. , San Francisco, CA) modified to
perform as an impingement oven, for 8.6 min with a wet bulb setting of 87.8°C and a
dry bulb setting of 176.7°C. Final cooked product temperature was approximately
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71 .1 °C. Cooked product was immediately transferred to a Liquid Cryo Shield CO2
.

.

freezer (Model JECID, Liquid Carbonic, Chicago, IL) where cooked patties were
individually quick frozen.

Each treatment was packaged in a semi-permeable plastic

bag and placed in a cardboard box with dry ice for shipment to the laboratory at The
University of Tennessee. Following receipt of the test product, the patties were stored
at -20°C.

Capsaicin Stock Solution

A stock solution of capsaicin was prepared before each storage test period
following the ASTM method E 1083-88 (ASTM 1991). Synthetic capsaicin (Nvanillynonanamide, C17 H27 N0 3 , 97%, Sigma Chemical Co., St. Louis, MO) was obtained
for production of standard stock solutions for both training and data collection ·
references. The stock solution was prepared by combining 0.60 g capsaicin with 20.0 g
Polysorbate-80 (Loders Croklaan, Glen Ellyn, IL). The mixture was placed in a 50-ml
beaker and heated on a hot plate at a setting of 3 for approximately 10-15 min while
stirring in order to dissolve the solid. When the capsaicin was completely dissolved it
was quantitatively transferred to a 1000-ml mixing cylinder using 70°C spring water
(Mountain Valley, Hot Springs, AR). The mixture was brought up to 1000-ml volume
using room temperature spring water. The solution was then thoroughly mixed. After
mixing, 10 ml was transferred to another 1000-ml mixing cylinder and brought to
volume with spring water to obtain a concentration of 6.0 ppm capsaicin per 200 ppm
polysorbate-80. The stock solution was transferred to a glass jar, sealed, and
refrigerated. Standards were made by diluting the stock solution. The dilutions for the
ASTM (1991) standards appear in Table 3.
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Table 3-Stock solution dilutions as appropriated by ASTM method E 1083-88
Concentration
{ppm)

Stock solution

Water

0.4

13.4

200

0.8

26.8

200

1.3

43.3

200

{ml)

{ml)

Sensory Evaluation

A trained sensory panel consisting of 13 people (8 males, 5 females) was
utilized to evaluate the heat intensity and warmed-over-flavor of the nine treatments
over a nine-week period .

Training
Heat Intensity Training

Methods outlined in ASTM Method E1083-88 (ASTM

1991) were used to train panelists on heat evaluation. During the first session,
'

'

panelists received an instruction sheet (Appendix, page 65) and scorecard (Appendix,
page 66) that contained a 15-cm scale line with the anchor points of none and strong.
The line was also marked with the terms threshold, slight, and moderate. Instructions
were given on how to use the scorecard and the definitions of the indicated terms.
Water samples ranging in intensity from 0.0 to 1.3 ppm capsaicin were served to
demonstrate the differences in each heat level. Beginning with the 0.4 ppm standard,
the panelists took the sample into his or her mouth and held it for 30-sec. The sample
was expectorated and following a 30-sec wait, the group discussed the perceived heat
intensity before being informed the first sample was "slight." Panelists were to rinse
their mouths with room temperature water and wait 60 sec before proceeding to the
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next three standards (Baron and Penfield 1996; Carden and others 1999). Following
the introduction of the standards, panelists received unknown samples with a reference
sample and were asked to make a correct identification as to heat level.
Finally, panelists were served sample products formulated at two pepper levels.
Samples were heated in a microwave oven (Sharp® Carousel®, Model R-420C, Sharp
Electronics Corp., Mahwah, NJ) for 1.5 min. A 2.5-cm center core was taken from the
center of each patty using a Wamer-Bratzler® corer. Panelists placed the core into
their mouths and chewed for 30-sec before swallowing. After a 30-sec wait, the
panelists evaluated the heat intensity of the chicken patties on the 15-cm line scale.

Warmed-Over-Flavor Training

Sensory panelists were trained to identify

warmed-over-flavor in a chicken product. During training sessions, panelists were
presented with a warm, freshly microwave-cooked chicken breast sample. Panelists
evaluated the product and described the characteristics and flavors they perceived.
Next panelists were served a cooked chicken breast, stored at refrigerated
temperatures (4°C) for two days and reheated in a microwave before serving. Once
again, panelists evaluated the product and described the characteristics and flavors
perceived in this warmed-over product. Following discussion, the panelists were
informed that the second sample contained warmed-over-flavor due to oxidation.
Further training of warmed-over-flavor was conducted in individual sessions if
requested by a panelist (Lyon and Ang 1990).

Time Intensity Procedure

For data collection purposes, the panelists were

introduced to the time intensity procedure. Panelists were instructed to rinse their
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mouths thoroughly with spring water. Each panelist would next take the reference
sample of 0.4 ppm standard capsaicin water solution into the mouth and wait 30 sec
while mentally acclimating oneself to "slight" heat. Next the mouth was rinsed with
water and the panelist consumed oyster crackers (Reduced Sodium, Kroger, Cincinnati,
OH) while waiting for 3 min. The first chicken sample was chewed for 30 sec and
swallowed. Then the sample was evaluated for heat intensity over a 3-min period every
15 sec. using a 150-point line scale. After the 3-min evaluation, the panelists rinsed
their mouths and waited 3 min before proceeding to the next sample. During evaluation
of the sample panelists were asked to indicate the intensity of warmed-over-flavor
(WOF) using a paper scorecard. The scorecard contained a 15-cm scale with the
anchor points of no WOF and intense WOF. Panelists were also asked to indicate the
time during evaluation in which they detected WOF by checking the appropriate time
listed on the scorecard. Three samples were evaluated per session.

Data Collection
Data were collected using a computer sensory program developed at the
Agricultural Experiment Station, University of Georgia, Griffin (Resurreccion 1993). The
program provided a 150-point scale for responses. In order to give panelists a point of
reference, each computer monitor screen was marked to indicate the location of
threshold (12), slight (50), and moderate (100). Judgements pertaining to heat intensity
were made by moving the cursor along the scale and pressing return when the desired
position was obtained. Data from training sessions were downloaded and evaluated to
determine success in using the computer program. Extra sessions were conducted for
individuals exhibiting problems.
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Sensory Panels
Sensory panels were conducted at 1, 3, 5, 7, and 9 weeks following product
manufacturing. During each week, six sessions were conducted on Monday,
Wednesday, and Friday, two sessions per day. The two Monday sessions and the
Wednesday morning session constituted replication 1. Replication 2 data were
collected on Wednesday morning and during the two Friday sessions. The nine
treatments for each replication were randomized over each panelist and both
replications were conducted for the storage period in one week. Frozen samples were
placed in small Corning Corelle® rice bowls, covered with waxed paper, and individually
heated to approximately 85 °C in a microwave oven (1 .5 min) just prior to being
presented to each panelist. During each session, the panelists received an evaluation
check list (Appendix, page 67) and a reference sample of 0.4 ppm capsaicin to mentally
acclimate themselves to "slight" heat. Panelists took the capsaicin standard in their
mouths and held it for 30 sec. The standard was expectorated and the panelists waited
3 min before proceeding to the first sample. Heating of the sample commenced at the
start of the wait period .
A 2.5-cm round core was taken with a Warner-Bratzler® corer from the center of
each reheated chicken patty for panel evaluation. The entire sample was chewed for
30 sec and swallowed. Using a hand-held timer, the panelists began evaluating heat
intensity 5 sec after swallowing. The next evaluation was made at 15 sec, and
proceeded every 15 sec for 3 min for a total of 13 observations per sample recorded by
computer entry. After a 3-min wait, the panelists rinsed their mouths with water and
proceeded to the next sample. Each panelist recorded the intensity of WOF as soon
as he or she detected it during the 3-min evaluation period. The intensity of WOF was
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Fat
One piece of No. 1 filter paper and two standard staples were weighed on an
analytical balance. Dried sample was placed on the weighed filter paper. The paper
was folded and stapled and the packet weighed. Soxhlet extraction performed with
petroleum ether was used to determine fat content (AOAC 1990).

Oxidation
Oxidation was measured using the thiobarbituric acid test (Appendix, page 69)
as developed by Tarlidgis and others (1960) and modified by Rhee (1978). The
process was replicated 3 times for each storage period. Three patties per treatment
were cooked , chopped and mixed and a 10-g sample was combined with 5-ml propyl
gallate (PG), 5 ml sodium ethylenediaminetracetic acid (EDTA), and 40 ml deionized
water. The sample was homogenized using a homogenizer (Brinkmann Polytron,
Model PT 10/35, Westbury, NY), setting 5, for approximately 1 min, then 2.5 ml
hydrochloric acid (HCI) were added to the homogenate. The homogenate was
transferred to an 800-ml Kjeldahl flask and 47.5 ml of deionized water were used to
rinse the homogenate into the flask. Boiling beads and 1 ml of anti-foaming agent
(Arthur H. Thomas Co., Philadelphia, PA) were added.
A standard was prepared by combining 1 ml 10-4 1, 1,3,3, tetra-ethoxypropane
(TEP), 2.5 ml HCI, and 92.5 ml deionized water. The samples were allowed to distill
at a rate by which 50 ml distillate was collected in 15 min. Five milliliters of distillate
were combined with 5 ml thiobarbituric acid reagent in a test tube. Standards were
prepared as shown in Table 4.
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Table 4-Standards prepared for TBA analysis
Concentration
(mg malonaldehyde)

Standard
(ml)

Deionized water
(ml)

TBA reagent
(ml)

0

0

5

5

1 X 10-6

1

4

5

2 X 10-6

2

3

5

3 X 10-6

3

2

5

4 X 10-6

4

1

5

5 X 10-6

5

0

5

Test tubes were incubated in a 90°C water bath for 40 min. Samples were transferred
to cuvettes and the absorbance was read using a double-beam spectrophotometer
(Shimadzu, model UV-2101PC, Kyoto, Japan) at a wavelength of 532 nm. The
concentration and absorbance of the known standards were used to generate a linear
regression equation for each distillation run of samples. This equation was used to
calculate milligrams malonaldehyde/kg meat, also referred to as the TBA numb_er, in
each sample.

Statistical Analysis

The 13 panelists' sensory responses were evaluated for accuracy. One judge
continuously evaluated samples with 0% pepper to have higher heat intensity than the
0.4% pepper samples, thus producing erratic results. Therefore, the judge's responses
were dropped from the data set to prevent the appearance of outliers. Heat perception
values (total time intensity, maximum time intensity, lag time, and time to maximum
heat), warmed-over-flavor scores, and TBA numbers were tested for equal variance
(PROC MEANS, SAS Institute Inc. 1996). PROC UNIVARIATE (SAS Institute Inc.
1996) was used to test for normality among dependent variables . Lag time and time
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required to reach maximum heat were not found to meet normality requirements. Lag
time data were transformed into ranks and the time required to reach maximum heat
data were transformed into logs in order to meet requirements. All data were analyzed
for differences attributable to main effects and the cross-classified interactions of those
effects using PROC MIXED (SAS Institute, Inc. 1996). Least-squares means were
generated for all main effects and interactions and significant differences were
determined by the PDIFF function. Computer programs are in the Appendix (page 71).
Time required to detect WOF was grouped into 3 categories: no WOF detected, while
chewing, and after chewing. PROC FREQ was used to determine the time most
panelists perceived WOF during each week.
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Chapter4
RESULTS AND DISCUSSION

Sample Characteristics

Proximate Analysis
For characterization purposes, proximate analysis was conducted on samples
from all nine treatments to confirm moisture and fat content (Table 5). Moisture content
was found to be directly influenced by fat content because as fat content increased,
moisture decreased. This change is due to higher protein content in the lower fat
sample, allowing more water to be bound. Fat was analyzed in order to confirm fat
percentages for the 3 target levels. The average fat percentage was greater for all
three formulations than initially calculated from the formula (Table 1) and was
determined to be approximately 5, 7, and 9% fat, compared to the target 2, 5, and 8%
fat. Fat extraction conducted on the raw materials, breast and leg meat, revealed them
to be higher in fat content than initially predicted explaining the increased fat content in
the final product.

Cook Loss
Cook loss was measured during the manufacture of the patties and during the
reheating of patties for panelists (Table 6). Cook loss measured during manufacture of
product samples appeared to be influenced by fat content, especially the higher fat
level patties which lost 26.3-28.3% total weight, compared to the lower fat level patties
which only lost 20.6-23.5%. Once again, this difference is attributed to the higher
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Table 5-Moisture and fat content of raw, cooked, and reheated chopped and formed
patties formulated at 3 fat levels and 3 pepper levels and content of raw materials used
for production

Treatment

Moisture (%)

Fat(%) ·

Raw Pattiesa
Fat Level 1

74.30

5.50

Fat Level 2

73.13

7.12

Fat Level 3

71 .66

9.49

Fat Level 1

69.63

4.88

Fat Level 2

67.25

8.53

Fat Level 3

63.86

12.87

Fat Level 1

69.81

4.34

Fat Level 2

66.71

8.57

Fat Level 3

63.75

1.1.14

Fat Level 1

74.27

2.31

Fat Level 2

74.09

2.55

Fat Level 3

73.50

2.88

Fat Level 1

73.86

6.60

Fat Level 2

71.02

8.81

Cooked Pattiesa

Reheated Pattiesa

Breast Meatb

Leg Meatb

70.72
Fat Level 3
aPercentages based on 9 observations per treatment.
b Percentages based on 3 observations per treatment.
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9.70

Table 6-Measured cook loss during manufacture and reheating of chopped and
formed chicken patties formulated at 3 fat levels and 3 pepper levels

Cook loss(%)

Fat(%)
5

7

9

Manufacture•

Reheatb

0

21 .9

9.5

0.2

23.5

9.3

0.4

20.6

8.6

0

22.4

8.3

0.2

23.3

8.4

0.4

23.1

9.2

0

26.3

9.2

0.2

26.9

9.5

Pepper(%)

28.3
0.4
10.0
a Percentages based on 20 observations per fat and pepper combination .
b Percentages based on 45 observations per fat and pepper combination over 5
storage periods.
protein content in the lower fat samples allowing more water binding to take place.
When cooked sample were reheated they lost, on average, 8.3 to 10.0% weight.

mi
During product manufacture pH was measured to assess any changes that
might occur in acidity due to the addition of a pepper marinade (Table 7). The pH for
the 0.2% pepper marinade ranged from 4.83-4.92, while the 0.4% pepper marinade
ranged from 4.54-4.79. The addition of the marinade did not affect the pH of the
blended product. However, the pH values for the final blends are still within the normal
range for chicken products (Pearson and Young 1989; van Laack 2000).
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Table 7-pH measurements of raw materials taken during manufacture of 9 chicken
patty treatments

pH
Fat(%)

Marinade

Breast
meat

Leg
meat

Blended•

0

7.65

5.83

6.33

6.03

0.2

4.92

5.92

6.35

5.89

0.4

4.79

5.86

6.56

5.82

0

7.78

5.68

6.29

5.94

0.2

4.92

5.87

6.32

5.84

0.4

4.63

5.89

6.28

5.65

0

7.74

5.79

6.44

5.86

0.2

4.83

5.73

6.36

5.72

Pepper(%)

5

7

9

6.36
5.61
4.54
5.84
0.4
a Average of 3 measurements taken after 15 min of blending marinade and meat
without added skin.
Ca12saicin Content
The capsaicin level was determined for the cayenne pepper used for product
formulation. Analysis of ground red pepper determined the heat level to be equivalent
to 1499 Scoville units in which 15 Scoville units is equal to 1 ppm capsaicin (Warren
Analytical Laboratory, Downers Grove, IL). The capsaicin content was calculated for
the 0.2% and 0.4% pepper marinade formulas. The 0.2% pepper formula contained
0.2 ppm capsaicin , while the 0.4% pepper formula contained 0.4 ppm capsaicin .
Capsaicin is perceived to be extremely hot and irritating at 1 ppm. At the formulated
levels 0.2 and 0.4 ppm, the heat level should be easily detectable, but not at a level
which would cause extreme discomfort or pain (Bosland 1992; Govindarajan and
Sathyanarayana 1991 ).
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Sensory Evaluation

Heat Perception
The perception of heat is a delayed reaction which is influenced by the chemical
and physical components of a food system. Panelists evaluated the intensity of pepper
in the chicken patty samples using the time-intensity technique. Measurements of
perceived heat intensity were made every 15 sec for 180 sec on a 150-point,
unstructured line scale. Time intensity curves were generated for all 9 treatments per
week (Fig. 1-5). The resulting figures exhibit a traditional time-intensity curve in which
there is a rapid rise to the maximum point at the beginning of the time, tapering down in
intensity toward O as time increases. However, the curves do differ from traditional
curves in some aspects. The initial point of the curve is close to the maximum intensity
because each panelist manipulated the sample by chewing for 30 sec before the first
heat intensity measurement was taken , thus allowing the heat to build. Therefore, heat
intensity slowly declined over a long period of time. The figures also show an increase
in consistency among and within panelists over the 9-week evaluation period. After 1
week of storage, the plotted figures show the appearance of some difference among
the three 0% pepper levels. However, after 9 weeks of storage this variation does not
appear to be present.
Five parameters were analyzed using the raw data in order to evaluate the
pungency of the pepper in the patties, including total heat intensity or area under the
time intensity curve, maximum heat intensity, lag time-elapsed time from entry of
chicken patty into the mouth to onset of heat response, and time to maximum heat.
ANOVA tables from the Fixed Effects test are in the Appendix (page 74).
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Fig. 1-Time intensity curves as a function of fat and pepper levels after 1 week of storage (n=12 panelists)
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Fig. 2-Time intensity curves as a function of fat and pepper levels after 3 weeks of storage (n=12 panelists)
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Fig. 3-Time intensity curves as a function of fat and pepper after 5 weeks of storage (n=12 panelists)
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Fig. 4-Time intensity curves as a function of fat and pepper levels after 7 weeks of storage (n=12 panelists)
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Fig. 5-Time intensity curves as a function of fat and pepper levels after 9 weeks of storage (n=12 panelists)

Total Heat Intensity

Total heat intensity represents the area under the time

intensity curve and is a measure of the total pungency of the sample. Differences were
found among the 3 fat levels (p<0.0005), the 3 pepper levels (p<0.0005), and the
interaction between fat and pepper (p<0.05) (Table 8). As the pepper level increased
from 0% to 0.2%, the two higher fat levels, 7 and 9% , were perceived to have more
intense heat (p<0.05) than the 5% fat level. This same significant difference was found
as the pepper increased from 0.2 to 0.4%, the 7 and 9% fat levels were perceived to
have more intense heat than the 5% fat treatment. This difference indicates that the
higher fat content increased the total heat intensity in a chopped and formed meat
product. This difference may be due to fat serving as a carrier for the spice allowing it
to fully interact with the heat receptors on the tongue, therefore, causing it to be
perceived as hotter than the lower fat formulation containing the same pepper level.
These results contradict the results found by Carden and others (1999) who determined
that at high fat levels in cheese sauces, the heat intensity from capsaicin decreased,
due to the fat acting as a coating to insulate the tongue. The nature of the food carrier
system may contribute to this contradiction. Research has shown that chopped and
formed meat products require higher levels of fat in order to have more intense flavor.
Berry (1993) and Papadima and Bloukas (1999) both formulated ground meat products
at various fat levels and concluded that the higher fat levels had more intense flavor.
Emulsion type products, such as hot dogs, have less intense flavor at higher fat levels.
The physical nature and high fat content in hot dogs, like cheese sauce; may serve as
a coating to the tongue, therefore, causing them to be have less intense flavor
characteristics .
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Table 8-Sensory perception of total heat intensitya and maximum heat intensityb in
chicken patties formulated with 3 fat levels and 3 pepper levelsc

Fat level {%)
Pepper{%)

5

7

9

0

1475e

1694e

1612e

0.2

6451d

8030c

8508c

0.4

10330b

12216a

12933a

0

13e

16e

13e

0.2

53d

62c

68c

Std error

Total heat intensity

569

Max heat intensity

3

0.4
95a
77b
92a
aTotal heat intensity as area under the time intensity curve.
bMaximum heat values ; none=0, strong=150.
cLSmeans and std err over 5 storage periods; values with unlike letters differ p<0.02;
n= 12 panelists.
Maximum Heat Intensity

Maximum heat intensity is the highest point on the

time intensity curve indicating the hottest point of the sample being tested. Analysis of
data for maximum heat intensity indicated a significant difference attributable to fat
(p<0.0005), pepper (p<0.0005), and the interaction of fat and pepper (p<0.02) (Table
8). At 0% pepper level there were no differences among the 3 fat levels. However,
when the pepper was increased to 0.2%, a significant difference was found between
5% fat and 7 and 9% fat. The two higher fat levels, 7 and 9%, had a higher maximum
heat intensity than did the 5% level. This same difference was found when the pepper
level was increased to 0.4% . The 7 and 9% fat levels had a higher maximum heat
intensity than the 5%. Once again, these results differ from previous studies
conducted on cheese sauces and starch pastes formulated at different fat and
capsaicin levels in which the maximum heat intensity was judged to be lower for high
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fat formulations (Baron and Penfield 1996; Carden and others 1999). These
differences among studies can be attributed to the food system serving as the carrier
for the pepper heat. A chopped and formed meat product requires the presence of fat
to serve as a reservoir for flavor compounds (Papadima and Bloukas 1999).

Lag Time

Lag time is a measure of the time that elapses between the

placement of the chicken patty into a panelist's mouth and the onset of heat response
that the panelist feels. There was a significant difference (p<0.005) among the pepper
levels. The 0.2 and 0.4% pepper levels took the least time to initiate a response, 11 .6
and 11.4 :!:. 8.5 sec, while it took 69.6 :!:. 8.5 sec for the 0% pepper level to initiate a
response. This difference was expected since the 0% pepper level has no heat for
response.

Time to Maximum Heat

Heat intensity was measured by panelists over a

period of 180-sec. Time to maximum heat is the time required to reach the maximum
heat intensity for each of the treatments. A significant difference was found between
the 0% pepper and the 2 higher levels (p<0.005). Time to maximum heat was less for
0.2 and 0.4% pepper samples (25 :!:. 8 sec) than for the 0% pepper sample (72 :!:. 8
sec). When comparing time to maximum heat values obtained with chicken patties to
those values measured in cheese sauces, it took less time to reach maximum heat
when pepper was incorporated into chicken patties (Carden and others 1999).
Panelists were required to chew the chicken samples for 30 sec causing a
redistribution of heat within the mouth, whereas cheese sauces did not require as
much manipulation in mouth before swallowing. The value of 72 sec appears to be
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too long for the 0% pepper samples (Fig 1-5). For purposes of statistical analysis
(Appendix, page 71), it was assumed that if a panelist indicated no heat, the time to
maximum heat was equal to 180 sec (Saxton 2000).

Warmed-Over-Flavor
Panelists evaluated warmed-over-flavor during the 180-sec time period and
indicated on an unstructured line scale the intensity of WOF in which no WOF= O and
intense WOF= 150 as well as the time at which WOF was first noted. Even though,
capsaicin has been found to have a masking effect on flavor intensity (Lawless and
others 1985), statistical analysis indicated a significant difference in WOF due to week
(Table 9). As the storage week increased from 1 to 7, the intensity of WOF increased
(p<0.005). Similar results were reported by Lyon (1988; 1993) when measuring
warmed-over-flavor characteristics in reheated pre-cooked chicken patties and tissue
samples. WOF characteristics sharply increase after 1 day of 2°C storage, but the
increase begins to slow after 2 to 5 days of storage. Results of the current study and
reported work (Lyon 1988; 1993) indicate that WOF is not linear with storage time
because the reaction slows over time due to the depletion of polyunsaturated
reactants (Nawar 1985).

47

Table 9-Warmed-over-flavor evaluation in chicken patties stored at-20°C over a
9-wk perioda

Week

Warmed-over-flavor

1

42.0 d

3

50

5

58 b

7

65 a

Std error

C

7.2

68 a
a LSmeans and std err of warmed-over-flavor across 3 pepper and 3 fat levels as
perceived by 12 panelists; no WOF= 0, intense WOF= 150; values followed by unlike
letters differ p<0.005.
9

Time required to detect WOF was analyzed to determine when panelists
perceived WOF. Each panelist marked on the paper ballot no WOF, while chewing, or
a specific time during the 180-sec evaluation. Frequencies of detection times clearly
indicated that panelists detected WOF during chewing more often than during the 180sec evaluation period (Table 10).
Analysis of WOF also showed significant differences due to the main effects of
fat and pepper levels. At the lower fat levels of 5 and 7%, WOF was perceived by
panelists to be less intense than at the higher fat level of 9% (p<0.005) (Table 11).
The development of WOF is directly affected by degree of lipid peroxidation occurring
to produce hydroperoxides. This reaction is initiated from the breakdown of
phospholipids, therefore, a higher fat level would provide more phospholipids to
contribute to the reaction (Kanner 1994). No differences were found in WOF intensity
between the 2 lower fat levels. Differences were found among all 3 pepper levels
(p<0.005). As the pepper level increased, the perceived intensity of WOF decreased
(Table 12). This significant difference may be attributed to a masking effect which the
pepper applied to the panelists palates making it more difficult to detect WOF at the
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Table 10-Frequencies of time required to detect warmed-over-flavor during 30 sec chewing and 180 sec
evaluation in pre-cooked, formed and reheated chicken patties formulated at 3 fat levels and 3 pepper levels
and stored over 5 storage eeriods

Fat(%)

0.2% Pepper

0.4% Pepper

Week

Week

Week

1

3

5

7

9

1

3

5

7

9

1

3

5

7

9

4

7

2

4

6

8

1

2

2

0

5

6

4

3

3

While
chewing

19

16

21

19

25

15

21

21

23

25

16

16

20

20

21

After
chewing

1

3

3

2

1

1

3

1

1

1

2

1

1

2

2

4

1

0

1

0

4

4

0

1

1

8

4

3

1

3

19

22

24

23

24

18

20

26

25

23

15

19

20

24

22

1

2

1

2

2

3

0

0

0

1

1

1

1

1

1

2

1

1

0

0

5

1

0

3

0

5

5

2

0

3

While
chewing

20

22

23

25

25

16

21

23

19

24

16

19

io

24

22

After
chewing

2

2

2

1

1

2

3

2

3

2

1

1

3

2

1

Not
detected

(0

0% Pepper

Not
detected

5

7

While

chewing
After
chewing
Not
detected

9

Table 11-Warmed-over-flavor evaluation in chicken patties formulated at 3 fat levelsa

Fat(%}

Warmed-over-flavor

5

52 b

7

54 b

9

64 a

Std error

7

a LSmeans and std err of warmed-over-flavor over 3 pepper levels and 5 storage
periods as perceived by 12 panelists; no WOF= 0, intense WOF= 150; values followed
by unlike letters differ p<0.005.

Table 12-Warmed-over-flavor evaluation in chicken patties formulated at 3 pepper
levels8

Pepper(%}

Warmed-over-flavor

0

65 a

0.2

56 b

0.4

48

Std error

7

C

a LSmeans and std err of warmed-over-flavor over 3 fat levels and 5 storage periods
as perceived by 12 panelists; no WOF= 0, intense WOF= 150; values followed by
unlike letters differ p<0.005.
higher pepper levels. However, the difference may also be due to pepper acting as an
inhibitor to oxidation development. Lee and others (1995) studied the antioxidant
effects of fresh pepper cultivars. Two chile pepper cultivars were found to have 71.6
and 76.6% antioxidant activity due to their high quantity of phenolic compounds.
These compounds, especially luteolin and quercetin, have been found to have __
possible influences on oxidation development (Larson 1988).
The interaction of fat and pepper for WOF intensity was not significant. No
standards have been created to identify and represent specific levels of WOF.
Therefore, each panelist is required to establish his or her own level of evaluation and
will use the scale in a different way. Panelists may be influenced by the error of
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central tendency in which they refuse to utilize the entire scale especially the extreme
end-points. This variation may explain why there was not a significant difference found
within the interaction (Stone and Sidel 1993).

Oxidation

Oxidation was measured by TBA numbers which represent the milligrams
malonaldehyde/kilogram chicken (Table 13). The interaction of storage week and fat
level was significant (p<0.05). Within each week, as the fat level increased, the
malonaldehyde content increased showing that the higher the fat level, the higher the
malonaldehyde content. This result is expected because malonaldehyde production
increases with storage time. Pikul and others (1984) found that TBA numbers for
.

-

cooked breast and leg chicken meat stored at-18°C for 6 months were different.
Freezing meat products below -10°C will slow the onset of oxidation, but it will not
prevent it from occurring (Ranken 1994). Malonaldehyde increased significantly in the
5-and 7%-fat patties between week 1 and week 9. There was a gradual increase of
malonaldehyde over the 9-wk storage period with overlapping of significance among
the 5 storage periods.
The interaction between fat and pepper levels was significant (p<0.005) (Table
14). Within each pepper level, the malonaldehyde content differed for all 3 fat levels
and showed a linear increase as fat level increased. Within each fat level, as pepper
content increased, the malonaldehyde content significantly decreased. At 7% fat/
0.4% pepper, the malonaldehyde content was the same as at 5% fat/ 0% pepper.
This same trend was found at 9% fat/ 0.4% pepper being the same as 7% fat/ 0%
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Table 13-TBA numbersa for chicken patties formulated at 3 fat levels and stored over
a 9-wk periodb

Fat level (%)
Week

5

7

9

Std error

1

1.35 h

1.99 f

3.03 cd

3

1.58 gh

2.53 e

3.87 b

5

1.87 fg

2.86 cde

4.63 a

7

1.89 fg

2.72 de

4 .03 b

9

2.06 f

3.20

4.64 a

C

0.13

a Thiobarbituric acid test measures mg malonaldehyde/kg meat.
b LSmeans and std err for TBA no measured across 3 pepper levels; n=9; values
followed by unlike letter differ p<0.05.

Table 14-TBA numbersa for chicken patties formulated at 3 fat levels and 3 pepper
levelsb

Fat level (%)
Pepper(%)

5

7

9

Std error

0

2.06 ef

3.05 C

4.80 a

0.2

1.80 f

2.68 d

4.12 b

0.4

1.39 g

2.26 e

3.20

0.11

C

a Thiobarbituric acid test measures mg malonaldehyde/kg meat.
b LSmeans and std err for TBA no measured on chicken patties across 5 storage
periods; n=45; values followed by unlike letters differ p<0.005.

pepper. These results indicate that increasing pepper content may reduce the
formation of thiobarbituric reactive products. Earlier studies conducted by Lee and
others (1995) showed capsaicin influenced oxidation in assays with linoleic acid .
Furthermore, Chang and Chen (1998) reported that precooked , skinless chicken
breast meat, formulated at 3% (wt/wt) red pepper, had lower TBA numbers than the 1
and 2% formulations. This trend is also seen in the warmed-over-flavor evaluation in
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which panelists perceived the WOF to be less intense as the pepper level increased.
As indicated this decrease could be attributed to a masking effect, however, the trend
of the malonaldehyde content decreasing with increased pepper content indicates that
pepper may be influencing the development of oxidative products.
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Chapter 5
SUMMARY, CONCLUSIONS, AND IMPLICATIONS

As product development follows the population trends of the United States,
more spices and flavorings will be incorporated into food systems in order to meet the
growing demand for ethnic cuisine which is simple and easy to prepare (Sloan 1996).
The incorporation of chili peppers into food products has increased over the past
decade and will continue to increase as the United States demographics change (Uhl
1996). In early studies of pepper heat, capsaicin was tested with water solutions (Cliff
and Heyman 1992; Gillette and others 1984; Lawless and others 1985). Food
systems formulated with pepper heat have shown that the physical and chemical
characteristics can influence the perceived heat intensity. Capsaicin incorporated into
cheese sauces and starch pastes at different fat levels showed an increase in heat
intensity with decreased fat level (Carden and others 1999; Baron and Penfield 1996).
The current study incorporated red pepper into a precooked chopped and
formed chicken patty to study the effects meat products have on heat intensity as well
as study the potential use of pepper as a natural antioxidant source. Results revealed
that as the fat level increased, the heat level increased for total time intensity and
maximum time intensity. Over 9 weeks of storage, processed poultry products
formulated at 7 and 9% fat, were more intense in heat perception than a 5% fat
formula containing the same percentage of spice. These results contradict previous
studies conducted on pepper heat in food systems (Carden and others 1999; Baron
and Penfield 1996). However, the results confirm that fat can serve as a flavor carrier
in some food systems instead of protecting receptors on the tongue from perceiving
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the pain provided by heat. No study was done in order to investigate the potential
effects of heat carryover from one sample to the next. This issue should be explored
to determine testing methods needed to reduce any effects carryover may have on
heat intensity perception.
As trends in the meat industry continue to shift towards producing low-fat and
fat-substituted products, careful consideration ml,lst be taken in formulation in order to
obtain a desirable flavor profile for the product. Lower fat meat products require more
flavoring before they are perceived as intense as higher fat level products containing
the same quantity of flavor or spice.
Shelf-life is an important concern constantly facing the food industry. Because
meat is a perishable product, preserving agents must be utilized to obtain maximum
shelf life. Synthetic antioxidants have long been used for this purpose, however, the
public consumer has begun to demand products made from natural ingredients. Red
pepper has generally been overlooked as a natural antioxidant source because of its
strong burning sensation (Cliff and Heymann 1993).

However, results ·indicate that

red pepper incorporated into the marinade of a pre-cooked chopped and formed
chicken patty at 0.2 and 0.4%, influence the development of oxidative products. The
patties formulated at 0.2% pepper had a less intense WOF than the 0% level, while
the 0.4% pepper had the least intense WOF of the 3 pepper levels. Pepper has the
ability to mask flavor intensity and has been found to interfere with some flavor
identification (Lawless and others 1985). Chemical testing for the presence of
oxidative products using the TBA method showed that red pepper had an influence on
the development of malonaldehyde. Within each fat level, as the pepper content
increased, the malonaldehyde decreased confirming that the WOF differences
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detected by panelists were due to a decrease in oxidative products produced, rather
than the pepper masking the off-flavors associated with oxidation.
While red pepper may not be the best natural antioxidant due to its strong
burning pungency, it will become more widely used as the food industry focuses on
the development of new products toward the ethnically diverse population, many of
whom enjoy hot and spicy foods (Sloan 1998). Product developers must be aware of
the effect a product's physical and chemical characteristics can have on the intensity
of added spices and flavors. Processed meat products further complicate the flavor
intensity of spices by developing oxidation over time and requiring the presence of fat
as a carrier for flavor. Further research should be conducted on the influence meat
products have on heat perception, especially the influence an emulsion type product
would have on heat intensity.
Even though standard methods for sensory heat perception (ASTM 1991) are
based on the use of water solutions of various levels of capsaicin, this method cannot
be applied to food products. Standard methods should be developed to evaluate
pepper heat intensity in food products. Such methods would be applicable to the
industry. At present no studies have been conducted on low-moisture or acid-based
food products and their influence on heat perception. This area should also be
explored due to the increase market of snack and hand-held food products.
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Appendix

Training Session Instructions
Objective: Standardize the tongue and palate to reference standards and introduce
the practice using the 15-cm line scale
I.

The line scale is unstructured and can be divided into any number of
points or categories. You may choose any point on the line to represent
your description of the sample's heat intensity.

II.

Taste the first sample; remember to concentrate on the intensity of
bum.
Instructions:
a. Rinse your mouth with water.
b. Take the entire sample into your mouth and hold it for 5 sec.
Slowly swallow the sample and wait 30 sec.
c. Rate the heat intensity of the sample on your ballot
d. Rinse your mouth with water and eat a cracker. Wait 2 min
before tasting the next sample.

Ill.

Repeat step 2 with the 3 remaining sample.

Definitions:
1.

Threshold heat: the point where the panelist barely senses burn or heat.
On the line scale, threshold= 1.25 cm .

2.

Slight heat: 0.40 ppm, a "slight" amount of heat is sensed by the
panelist. On the line scale, slight= 5 cm.

3.

Moderate heat: 0.80 ppm, panelist refers to this as "moderate" heat. On
the line scale, moderate= 10 cm.

4.

Approaching strong heat: 1.3 ppm, close to the heat of ground red
pepper. On the line scale, approaching strong heat= 13 cm .

5.

Strong heat: greater than 1.3 ppm, extremely hot. On the line scale,
strong heat= 15 cm .

Solutions are prepared with N-vanillynonanamide, synthetic capsaicin. Solutions are
equal to the concentration given above.
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Training Heat Intensity Scorecard
Judge _ _ __
You will receive two samples to evaluate. Take the whole sample marked R into your
mouth and hold for 5 secs. Swallow and wait 30 secs before evaluating the intensity
of heat as slight on the line scale. Rinse your mouth for 1 minute with water and
crackers. Take the entire test sample into your mouth and hold for 30 secs. Swallow
and wait 30 secs before evaluating the intensity of heat. Place a mark across the line
to indicate intensity of sensory heat using any point on the line. Rinse with water and
crackers and wait 1 min before proceeding to the next set.
R_
Sample __
0

I

threshold

I

slight

moderate

I

I

strong

I

Sample _ _
0

I

threshold

moderate

I

I

Sample _ _
0

I

threshold

I

moderate

slight

I

I

Sample _ _
0

I

moderate

threshold

I

I
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strong

I

EVALUATION CHECK LIST
1.

A:panel2f

2.

Rinse mouth thoroughly with water.

3.

Take reference water sample into your mouth and hold for 30 sec.

4.

Expectorate reference sample and wait 30 sec, while acclimating your mouth to
the "slight'' heat.

5.

Rinse mouth with AT LEAST ONE SMALL GLASS OF WATER. You may
expectorate the rinse water. Pull hatch toward you.

6.

Wait 3 min.

7.

Take sample one into your mouth and chew for 30 sec and swallow.

8.

If you detect warmed-over flavor while chewing, mark 'while chewing' on the
paper ballot and make a vertical line LI_) across the line indicating the
intensity of the flavor.

9.

Begin timing after the sample is swallowed.
5 sec after swallowing evaluate the heat intensity of the sample, move the
cursor to the position on the line which represents the intensity and hit return.
*If you did not detect warmed-over flavor while chewing, but begin to detect it
during the 3 min evaluation, mark the intensity of the flavor of the line and
check the time that you detected it.
Continue the heat evaluation every 15 sec for 3 min.

10.

At the end of 3 min, pull hatch to indicate you are finished with sample 1.

11.

Wait 3 min

12.

Rinse with at least one small glass of water.

13.

Begin the evaluation of sample 2 by repeating steps 7-11.
Repeat the same procedure for sample 3.

14.

After the 3 min evaluation of your third sample, press ENTER, you should see
the message "Thank you for attending, have a nice dayl"
To finish your session press Control- Break bringing you to A:
Pop your disk out of the drive and bring it to me.
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Warmed-over-flavor Scorecarda
Panelist

---

Sample _ __
Evaluate on the scale below the intensity of warmed over flavor (WOF) as soon as you
detect it in your mouth. Then check the time which you first detected it from the listed
choices. If you detect WOF at a time other than what is listed, check the blank line
between the two times. If you do not detect WOF, leave the time blank.
WARMED-OVER FLAVOR

intense WOF

noWOF
TIME:

while chewing _ _

After Chewing:
5 seconds

15 seconds
30 seconds
45 seconds
1 minute
1 min 15 sec
1 min 30 sec
1 min 45 sec
2 minutes
2 min 15 sec
2 min 30 sec
2 min 45 sec
3 minutes
aActual line was 15-cm; reduced to accommodate margin requirements
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TBA Determination
REAGENTS:
0.5% propylgallate (PG) in alcohol
Combine 0.5 g PG with 100 ml ethanol
0.5% Sodium ethylenediamine tetraacetic acid (Na 2 EDTA)
Combine 0.5 g Na 2 EDTA with 100 ml deionized H20
0.02 M 2-thiobarbituric acid (TBA)
Solvent: 198 ml glacial acetic acid and 22 ml H20
Combine 0.5766 g TBA with 200 ml solvent
4 N hydrochloric acid (Hcl)
1 part 12 N Hcl to 2 parts H2 0
10-4M 1,1,3,3,-tetra-ethoxypropance (TEP) FW= 220.3
Combine 0.2204 g TEP with 100 ml deionized H2 0 to equal 10·2M TEP
Dilute 1 ml 10·2 TEP to 100 ml with deionized H2 0 to equal 10-4 TEP
PROCEDURE:
1. Combine 1O g of sample, 5 ml PG, 5 ml EDTA, and 40 ml deionized H2 0
2. Homogenize for 2 minutes in a Homogenizer at a setting of 30
3. Add 2.5 ml HCI to the homogenate and place into an 800 ml Kjeldahl flask
4. Add 47.5 ml deionized water to rinse the homogenate into the flask
5. Add boiling beads and antifoam spray to the flask
6. Prepare a standard by mixing 5 ml 10-4TEP, 2.5 ml HCI, and 92.5 ml deionized
water in a Kjeldahl flask
7. Distill samples and standard at the highest heat setting until 50 ml of distillate is
collected
8. Pipette 5 ml distillate from each sample and 5 ml TBA reagent into test tubes
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9. Prepare 5 test tubes from standard solution

Concentration
(mg malonaldehyde)

Standard

Deionized water

TBA reagent

0

0

5

5

1 X 10-6

1

4

5

2 X 10-6

2

3

5

3 X 10-6

3

2

5

4 X 10-6

4

1

5

5 X 10-6

5

0

5

(ml)

(ml)

(ml)

11 . Incubate all test tubes for 40 min at 90°C in a water bath to allow pigment to form
12. Use a double beam spectrophotometer at A 532 to read the absorbance of each
standard and sample
13. Absorbance values from the standards are used to generate a linear regression
equation by which the concentration of malonaldehyde is calculated for the
samples
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Time intensity data analysis
A. Creation of variables- maximum heat, time to maximum heat, rate of release, and
lag
PROC SORT DATA= HEAT; BY sample;
PROC SORT DATA=CODE; BY sample;
data finheat; merge heat code; by sample;
array ttt (13) t5 t15 t30 t45 t60 t75 t90 t105 t120 t135 t150 t165 t180;
array sss (13) s1-s13;
drop s1-s13;
s1=5; s2=15; s3=30; s4=45; s5=60; s6=75; s7=90; s8=105; s9=120; s10=135;
s11=150; s12=165; s13=180;
maxheat=0;
base=ttt {1}; lag=0;
do ii=1 to 13;
if ttt{ii}>base then do;
if lag=0 then lag=sss{ii};
end;
if maxheat<ttt{ii} then do;
maxheat=ttt{ii};
tmxheat=sss{ii};
end ;
end;
if tmxheat= . Then tmxheat=180;
rrel=maxheat/tmxheat;
vheat;var (of t5 t15 t30 t45 t60 t75 t90 t105 t120 t135 t150 t165 t180);
if t5<5 and vheat=0 then lag=180;

B. Calculation of area under the curve
retain area; drop dim switch ii hta kk jj htb base check;
dim=13;
array hhh ht1-ht13;
array xxx x1-x13;
ht1 =0; x1 =0;
do ii=2 to 13;
hhh{ii}=ttt{ii-1};
xxx{ii}=sss{ii-1};
end;
switch"P';
area=0;
if ht1=. Then area=. ;
else do;
do ii=2 to dim;
hta=hhh{ii-1 }-ht1;
do kk=ii to dim;
jj=kk;
71

htb=hhh{jj}-ht1 ;
if htb ne . Then kk=dim ;
end;
if htb ne . then do;
base=xxx{jj}-xxx{ii-1 };
ii=jj; **set for next loop;
check=hta*htb;
if check<0 then do;
**if segments are on opposite sides, need to add two triangle areas;
if switch='B' then area=area+ .5*(hta*(-hta*base)
+htb*htb*base)/(htb-hta);
if hta>0 then check=1;
if htb>0 then check=0;
if switch='N' then do;
if check=0 then area=area+.5*hta*(-hta*base)/(htb-hta);
else area=area+ .5*htb*htb*base/(htb-hta);
end;
if switch='P' then do;
if check=1 then area=area+.5*hta*(-hta*base)/(htb-hta);
else area+area+ .5*htb*htb*base/(htb-hta);
end;
end;
else do;
check=hta+htb; **which side of t1 are we on?;
if (switch='P' and check<0) or (switch='N' and check>0) then
area=area+0; ** area on wrong side;
else area=area+ .5*base*(htb-hta) + hta*base;
end;
end
end;
end;
run;
proc print; run; run ;
C. Transformation of data and PROC MIXED programming for variables
data temp; set finheat;
llag=log (lag);
slag=sqrt(lag);
run;
proc rank data=temp out=temp;
var lag;
ranks rlag;
run;
%include 'b:\pdmix612.sas';
%macro dm(var,dname);
Pree Mixed data=&dname;
title2 "Mixed analysis of &var'';
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Class week rep fat pep pan ;
model &var= weeklfatlpep/predicted ;
random rep;
lsmeans weeklfatlPep/pdiff;
make 'predicted' out=rrr noprint;
make 'diffs' out=ppp noprint;
make 'lsmeans' out=mmm noprint;
run ;
%pdmix612(ppp,mmm);
proc univariate plot normal data=rrr;
var _resid_;
run;
proc sort data=&dname; by fat Pep week;
proc means noprint; by fat Pep week;
var &var;
output out=mmm mean=rawmean std=stddev;
run;
proc print data=mmm;
title2 "Check on equal variance for &var";
run;
%mend;
o/odm(llag,temp);
o/odm(slag, temp);
o/odm(rlag, temp) ;
o/odm(area, finheat) ;
o/odm(maxheat, finheat) ;
o/odm(rrel, finheat);
o/odm(lag, finheat) ;
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Test of Fixed Effects
Total Intensity
Source

NDF

DDF

Type Ill F

Pr>F

Week

4

396

0.91

0.4577

Fat

2

88

16.93

0.0001

Week*Fat

8

396

0.82

0.5811

Pepper

2

88

640.02

0.0001

Week*Pepper

8

396

0.52

0.8412

Fat*Pepper

4

88

3.53

0.0101

Week*Fat*Pepper

16

396

0.82

0.6585

NDF

DDF

Type Ill F

Pr>F

Week

4

396

0.17

0.9528

Fat

2

88

16.04

0.0001

Week*Fat

8

396

1.41

0.1893

Pepper

2

88

640.95

0.0001

Week*Pepper

8

396

0.58

0.7964

Fat*Pepper

4

88

3.47

0.0112

Week*Fat*Pepper

16

396

1.20

0.2683

Maximum Heat
Source
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Lag time
NDF

DDF

Type Ill F

Pr>F

Week

4

396

1.58

0.1783

Fat

2

88

0.02

0.9806

Week*Fat

8

396

0.76

0.6412

Pepper

2

88

6.46

0.0024

Week*Pepper

8

396

0.68

0.7097

Fat*Pepper

4

88

0.19

0.9449

Week*Fat*Pepper

16

396

0.83

0.6459

NDF

DDF

Type III F

Pr>F

Week

4

396

3.35

0.0102

Fat

2

88

0.1 9

0.8306

Week*Fat

8

396

0.66

0.7275

Pepper

2

88

18.45

0.0001

Week*Pepper

8

396

1.04

0.4024

Fat*Pepper

4

88

0.08

0.9876

Week*F at*Pepper

16

396

0.54

0.9257

Source

Time to maximum heat
Source
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Warmed-over-flavor

Source

NDF

DDF

Type III F

Pr>F

Week

4

432

20.41

0.0001

Fat

2

96

8.39

0.0004

Week*Fat

8

432

1.17

0.3135

Pepper

2

96

16.77

0.0001

Week*Pepper

8

432

0.26

0.9776

Fat*Pepper

4

96

1.37

0.2493

Week*Fat*Pepper

16

432

0.42

0.9765

NDF

DDF

Type Ill F

Pr>F

Week

4

90

38.37

0.0.001

Fat

2

90

406.54

0.0001

Week*Fat

8

90

2.85

0.0073

Pepper

2

90

80.19

0.0001

Week*Pepper

8

90

0.72

0.6703

Fat*Pepper

4

90

6.62

0.0001

Week*F at*Pepper

16

90

1.49

0.1203

f

TBA

Source
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